Urban planning statistics and evaluation is necessary for healthy and sustainable development of cities. However, it is not an easy task to perform statistics and evaluation because of the complexity of urban planning and the various involved data. In this paper, a GIS-based statistics and evaluation system is proposed to meet the unique requirements of the system, including multiple data type, abundant spatial data and high usage frequency. In the GIS-based system, four main function modules are designed to help statistics and evaluation on different aspects of urban planning. Finally, the system is developed based on the designed scheme and applied to urban planning routine work in Fengfeng Mining District in China. The application results show that the proposed urban planning statistics and evaluation system is capable of statistics and evaluation for urban planning in a comprehensive and convenient way.
INTRODUCTION
Urban planning, covering the fields of comprehensive deployment of urban future development, urban spatial layout and various urban constructions, is important to urban development [1] . However, many uncertain factors and challenges exist in the process of urban development, resulting in a worrying situation that many cities don't develop as the previously made plans especially in developing countries like China, Brazil and Malaysia [2, 3] . Under the circumstances, statistics and evaluation of urban planning is urgently needed to provide an approach for city managers to grasp a comprehensive situation of urban development.
Prosperous studies have provided insights into the theme of urban planning statistics and evaluation: at the earliest, a statistics and evaluation of land use plan was carried out for Krayot area in Israel [4] ; the wetland development was evaluated by comparing the actual land use with the land use plans design 10 years before [5] ; the implementation of local land use policies for hurricane hazard zones was evaluated in Florida based on Geographic Information System (GIS) [6] . Although these studies provided different methods for statistics and evaluation of urban planning, only a facet of urban planning such as land use or public facilities was considered. A comprehensive statistics and evaluation of urban planning was not properly addressed in the previous researches, for the reasons that urban system is a complicated system covering various aspects, the data involved in urban planning is multisource and heterogeneous, and a large amount of spatial and non-spatial data are difficult to be managed in traditional Management Information System (MIS) [7, 8] . So it is quite necessary to design and implement a specialized statistics and evaluation system for urban planning.
Considering the difficulties of statistics and evaluation of urban planning, in this paper, we propose a statistics and evaluation system customized for urban planning based on GIS. In the GIS-based system, the complicated urban planning is decomposed into many elements which are easier to be tackled and GIS is adopted to handle the elements involved with spatial data.
REQUIREMENTS ANALYSIS
It's widely acknowledged that data is the basic and key point for a statistics and evaluation system. Considering that urban planning data is quite different compared with other general data, the characteristics of statistics and evaluation system should be analyzed in detail before the design of urban planning statistics and evaluation system.
System Characteristics
(1) The type of data is various and the amount of data is extremely large in urban planning.
The data needed for urban planning and produced through urban planning process could be categorized as actual data, planning data, business data, documents and other data including multimedia data, 3D data and metadata. A large volume of data is difficult to be stored and managed and a variety of data type makes data analysis never an easy work. So it is tough to carry out statistics, analysis and evaluation based on such data.
(2) According to relevant statistical data, more than 80% of existing data is spatial data, also referred to as geospatial data or geographic information.
In the field of urban planning, the portion of spatial data is even larger. Spatial data is not easy to be stored, managed, displayed or analyzed, for it relates to topological, geometric and geographic properties. The traditional MIS and universal statistical software are no longer valid to handle spatial data.
(3) Besides the characteristics of urban planning data, urban planning statistics and evaluation is conducted in a high frequency to make sure that cities develop as the instructions in urban plans.
Frequent statistics and evaluation of urban planning is beneficial for urban managers to find out the deviation of actual urban development from urban development plans. Once deviation is observed through statistics and evaluation, measures of remediation should be taken timely to prevent improper and illegal urban development.
System Requirements
The characteristics of urban planning statistics and evaluation system have been thoroughly analyzed, so the unique characteristics might lead to corresponding special requirements for the proposed statistics and evaluation system. The requirements are listed as follows:
(1) Considering the volume and type of urban planning data, it is impossible to store the data in a stand-alone computer. A more practical solution is to introduce a database system to better manage the urban planning data, which makes it more efficient to access the data. Besides, the data is more secure and convenient to be shared among different urban management departments when stored in a database. So an interface to interact with an urban planning database is absolutely necessary for the urban planning statistics and evaluation system.
(2) GIS is a computer system for spatial data storage, management, display and analysis. It is originated from the Canada Geographic Information System (CGIS) and has been widely used by geographers, economists and environmentalists to deal with spatial data. Therefore, GIS should be integrated into the urban planning statistics and evaluation for its superiority in spatial data management, spatial statistics and spatial analysis.
(3) Allowing for the high utilization frequency, all of the functions, relating to statistics, evaluation and some auxiliary functions should be integrated into one system to make the process of statistics and evaluation more efficient and convenient. That is to say, a thematic statistics and evaluation system customized for urban planning is urgently needed to be designed and developed.
DESIGN OF STATISTICS AND EVALUATION SYSTEM OF URBAN PLANNING

General Structure Design
Since the operating environment of urban planning statistics and evaluation system is always fixed and data transmission volume is large, a C/S (Client /Server) mode, which is suitable for a high level security requirement, large data volume and stable local area network situation, is adopted as the general structure of the system. The structure is shown in Fig. (1) . In C/S mode, the urban planning database works as a server and the proposed urban planning statistics and evaluation system serves as a client. As a server, the database provides necessary data related for the system to make analysis and the statistics and evaluation results could also be stored in database for later usage. While as a client, the urban planning statistics and evaluation system needs all kinds of data intensively managed in the urban planning database to realize statistics and evaluation of urban development.
System Modules Design
The urban planning statistics and evaluation system is composed of four main modules including basic GIS module, business data statistics and evaluation module, spatial form statistics and evaluation module, land use statistics and evaluation module (Fig. 2) . The functions of each module are analyzed in detail as follows:
Basic GIS Module
Considering there is a very high operation frequency of spatial data processed in the system, the basic GIS module is designed to facilitate the pre-process and analysis of spatial data. The basic GIS functions are spatial data import and export, display, query, spatial statistics and analysis. Packing the functions into an auxiliary GIS module could very helpful to assist the statistics and evaluation implemented in other modules. 
Urban Planning Business Data Statistics and Evaluation Module
As is known to all that urban construction is the driving force of urban development. In order to manage the urban development, the urban construction should be strictly supervised. The important information in construction application papers, licenses and certificates are commonly organized by urban management department and stored in urban planning database as business data. Analysis of business data, according to selected criteria such as time interval, construction type, land use type, approval status, is the main work of urban planning business data statistics and evaluation module.
Spatial form Statistics and Evaluation Module
Spatial form is a key factor for urban planners and urban managers to consider when urban plans are made. A suitable spatial form is not only favorable to urban development but also convenient for citizens to participate in social activities like work and entertainment.
Urban spatial form could be characterized by two indexes: spatial form ratio and spatial compactness ratio.
(1) Spatial form ratio Spatial form ratio is proposed by Horton and it is calculated as follows:
where A is the area (m 2 ) of built-up area and L is the length of major axis of built-up area. If the value of spatial form ratio is relatively small, it suggests that urban buildings are distributed in a strip shape, that is to say the internal communication among the area is inconvenient. Built-up areas with different spatial form ratio are shown in Fig. (3) . The blue areas are built-up areas and the red lines are the corresponding major axes. The spatial form values of the four built-up areas in Fig. (3a-d) Horton's spatial form ratio considers the area and the major axis length of built-up area. Although the method is simple, it isn't applicable to all cases. Considering the situation in Fig. (3) , the built-up areas and major axes of Fig. (4a  and b) are the same, so the values of Horton's spatial form ratio are equal. However, it is easy to find out that the builtup area in Fig. (4b) is more narrowly distributed than that in Fig. (4a) by observing Fig. (4) . So Horton's spatial form ratio method is invalid in some situations. Fig. (4) . Diagram of built-up areas with same spatial form ratio.
In this paper, a modified method is introduced to calculate spatial form ratio to better adapt to GIS and to reduce the calculation procedure and time. The defined spatial form ratio is computed as follows:
where a and b are respectively the semi major axis and semi minor axis of a standard deviational ellipse which is drawn based on the built-up area in GIS to reflect the directional distribution. It could be observed that Form ratio ≥ 1 and the larger the form ratio is, the more zonally the buildings are distributed.
(2) Spatial compactness ratio Different methods have been proposed to measure the compactness of an area and the equation put forward by Cole is the most widely used one. Cole's spatial compactness ratio is calculated as:
where A is the area of built-up area and A′ is the area of the circumcircle of the built-up area. It is obvious that spatial compactness ratio is equal to or smaller than 1. When it is equal to 1, it is the most compact situation where the outline of built-up area is a circle and the circle is fully filled with buildings. Diagram of built-up areas with different spatial compactness ratio is shown in Fig. (5) . The blue areas are built-up areas and red circles are circumcircles of the 
Land Use Statistics and Evaluation Module
Land use situation could be obtained by the analysis between two spatial layers which represent the urban land use plan and actual land use. Based on spatial analysis of the two layers, illegally developed area, not developed area and developed as planed area could be discovered. The result of an intersection analysis is the area developed as previously made plans, while the illegally developed area and not developed area are respectively detected by an erase analysis of actual development layer being erased by land use plan layer and an erase analysis of land use plan layer being erased by actual development layer.
SYSTEM DEVELOPMENT AND APPLICATION
To test the feasibility and practicability of the designed statistics and evaluation system of urban planning, the system are developed based on Microsoft Visual Studio platform and ESRI ArcGIS Engine. The main interface is shown in Fig. (6) . The spatial data viewport is the main display area for spatial data, including the unprocessed data fetched from urban planning database and the statistics and analysis results produced in the system. The spatial data control zone, in which layer order could be changed, spatial features are labeled and thematic maps are made, is an auxiliary for spatial data display. The system modules are launched on menu bar on the top of the main interface. When a specific module is
clicked, a sub interface would appear. On the sub interface, parameters are set and the analysis is activated. The analysis results could be displayed and saved to database at last.
A practical application in Fengfeng Mining District in Hebei Province, China was conducted to test the developed system.
A part of the results of business data statistics and evaluation module are shown in Fig. (7) in multiple forms such as lists, numerical values, pie charts and histograms. They reflect the details, summary information, percentages and tendency of urban construction obtained from business data. Fig. (7) . Results of business data analysis. Spatial form ratio of a selected built-up area is calculated in the system and the results are shown in Fig. (8) . The red ellipse in Fig. (8a) is a standard deviational ellipse of the built-up area and the numerical results are given in Fig. (8b) . The semi major axis is 3116.89 meter and the semi minor axis is 1055.27 meter, so the spatial form ratio of the selected built-up area is 2.95, indicating the urban buildings distribution is zonal and the inter-city communication is moderately inconvenient. Fig. (9) shows the results of spatial compactness ratio analysis. The red circle in Fig. (9a) is a circumcircle of the built-up area. The radius of the circle is 4653.26 meter thus making its area is 67989881.03 square meters. Since the area of the built-up area is 15909011.64 square meters, the spatial compactness ratio equals to 0.23, indicating the urban form is loose and many patches of land are left undeveloped. Fig. (9) . Results of spatial compactness ratio analysis.
To perform land use statistics and evaluation, two layers representing land use plan and actual land use are needed. Fig. (10a and b) show the layers of land use plan and actual land use respectively and each type of land use is rendered in different color. Analysis between two layers produces the land use statistics and evaluation results, shown in Fig.  (11) . The lands which are developed the same as the previous plan are shown in Fig. (11a) , while the not developed lands and illegally developed lands are separately given in Fig. (11b and c) . Although the shape of land is developed as plans but the land use type might change for example from green land to residential land, so a transformation matrix is given to reflect the land use type change in Fig. (11d) . The value of the element a ij is the area (m 2 ) of land whose land use type changes from i to j. 
CONCLUSION
In this paper, we design and develop an urban planning statistics and evaluation system according to the characteristics and requirements. The GIS-based system is generally composed of basic GIS module, business data statistics and evaluation module, spatial form statistics and evaluation module, and land use statistics and evaluation module, which enable the system to comprehensively and conveniently implement urban planning statistics and evaluation based on ordinary date and spatial data. An application is carried out to illustrate and test the system and the results show that the system is feasible, convincing and accurate. So the proposed system could provide useful support information for urban managers to make corresponding decisions to make urban development more reasonable, healthy and sustainable.
